Abstract. Collaborative writing and editing typically use annotations to coordinate edition tasks, comment the content, add relevant references, or clarify confusing content. Despite that wikis are among the most widely used hypertext systems for performing such collaborative activities, they have little support to annotations. In this paper, we propose to use spatial hypertext layers as the solution for the management of annotations in wikis. We have extended ShyWiki, a spatial hypertext wiki environment, with Multilayer Superimposed Information features. In addition, we present the results of a study that shows the value of spatial hypertext layers for locate, organize and group annotations in interest groups under a wiki interface.
Introduction
Since the conception of hypertext, annotations have been used to enrich the content of hyperdocuments. Bush observed in his seminal paper [9] the importance of complementary information and pointed out that the users could insert comments to Memex trails. Later, Engelbart's NLS system [13] permitted the collaborative annotation of text. In our digital age, personal and collaborative annotations have become very popular. The former are used to assimilate contents (e.g. underlying, adding an asterisk, highlighting parts of a text, etc), whereas the latter are meant to support discussions: users form interest groups that share annotations in order to learn, think about and understand a document or group of documents.
Wiki is among the current most popular collaborative hypertext editing environments. Its simplicity and ease of use has resulted in a massive adoption as a platform for content creation and linking. The success of Wikipedia and other Wiki based systems has called the attention of the research community, whose members have developed different types of extensions of the basic Wiki implementation, (e.g. semantic wikis [23] ), and have used wikis for knowledge management [30] , or software engineering [2] . However, little attention has been paid to the support of annotations from readers and editors. In Wikipedia [1] , annotations are inserted in the form of inline sentences, which are part of the document and may interfere the normal document reading if their number is high. To avoid this, discussion pages are used to hold user and editor comments, but such pages are in practice different entities and their content should not be considered pure annotations because they lack context (that is, they are annotations to the document, not to specific parts of it).
In this paper we face the challenge to improve wiki's collaborative annotation support. We use ShyWiki [27] , a spatial hypertext wiki system that uses spatial and visual properties such as position, size, color, etc. to represent content. In ShyWiki, the elements of wiki pages are similar to sticky notes with hypermedia content; thus, annotations can be created in a simple way: a part of a wiki page may be annotated by placing a note near the text to be annotated. However, the ShyWiki system presented some usability limitations. Specifically, the risk of information overload was not controlled since both original content and annotations shared a common space, which would eventually impede the identification of each one, and difficult the access to the content when the number of annotations is high. As a solution we have enriched ShyWiki with multiple layers of information based on the concept of Superimposed Information. To evaluate the effectiveness of the solution we describe an evaluation that compares the performance of two groups of 9 subjects using the ShyWiki system. We want to examine the impact of the spatial hypertext layers in the group performance.
The paper is organized as follows: Section 2 explains the importance of collaborative annotation in wikis, and the requirements of an annotation facility. Section 3 presents the characteristics of spatial hypertext wiki (ShyWiki). Section 4 explains ShyWiki with Multilayer Superimposed Information support. Section 5 describes the user interface evaluation and its results. Section 6 describes the related work. Finally, section 7 gives the conclusions, and presents the future work.
Collaborative Annotation in Wikis
Collaborative annotation is part of many information management activities. For instance, in Annotative Collaboration Processes (ACPs) [29] , authors and editors use annotations during the edition, review and evolution of documents to help in the coordination of the goals, tasks, resolution of conflicts, and to record comments of a group of editors. Applying ACPs in hypertext editing requires hypertext systems to meet some essential requirements: first, users must have read and write access to the content; second, users should be able to add annotations to the content; third, there should be a shared information space; and fourth, the technical access barriers to edit the content should be as low as possible, because users might not have technical knowledge about hypertext.
In the search for hypertext systems fulfilling as many of these requirements as possible, wikis appear as the best candidates. Wikis are based on the principles of ease of use, continuous improvement through incremental content creation, open structure for editing and evolution, and self organized structure according to the needs of the community [10] . Wikis are a way to provide read and write features to a hypertext, have low technical barriers, and a shared information space. However, they offer limited support to ACPs, as well as for handling annotations. In Wikipedia, for instance, the coordination to determine the path that will drive the future versions of an article is managed through a discussion page. In discussion pages, users comment and discuss the article's content including others contributions, and use it to communicate among them [16] . In other words, a discussion page is like a big annotation to another wiki page, although in practice it is a different wiki page.
Discussion pages in Wikipedia have a relevant role in the overall ACP. A study performed with Wikipedia users showed that they use discussion pages as the main way to communicate wiki article issues [8] . Additionally, there is a statistical correlation indicating that the highest quality articles in Wikipedia are the ones with more activity in their discussion pages [31] .
Requirements of an annotation facility
Adding annotation capability to collaborative editing systems like wikis have some general requirements, which have been defined in [19] . First, the management of the annotations must be simple (lightness). Second, the superimposed information data model must be able to represent many data models (flexibility). Third, no assumptions must be made about the content being annotated. In addition, users of annotation enabled wikis should be able to:
-Add notes to a wiki page. This is the basic requirement of the system, being other requirements defined around this one. -Add several layers of annotations to a wiki page. Since different groups of users would add information with diverse goals, such as clarify content, indicate where is additional information, coordinate tasks, etc., only one extra layer of information may become insufficient. -View only the original information. Some users dislike reading documents that have been previously annotated by others. Annotations may interfere and distract readers [6] . The wiki has to give the choice of showing or hiding the annotations. -View selected layers of annotations. When there are many layers, users can select those layers they want to be displayed. In this way, they can visualize just the information of their interest. -Move annotations between layers. For example, in collaborative edition or design the relevant information in other layers (e.g. in a "draft" layer) can be incorporated to the original content. -Organize the layers by user interest groups. In this way, a layer is presented to a user only if the layer belongs to one of the user's groups.
Spatial hypertext [17] is a kind of hypermedia based on using visual and spatial characteristics to define relationships among hypertext elements. Users can handle and move elements in a document, or change their properties (such as color or size).In spatial hypertext, hyperlinks may become implicit because they are expressed indirectly by means of visual and spatial relationships (e.g. by positioning elements to form lists, stacks, composites and heaps [26] ). Also, elements of the same type can share the visual and spatial characteristics (color, border thickness, font types, adorns, layouts, position, proximity, geometric relations, etc.). Finally, collections can be created by inserting elements into other elements. Experience using spatial hypertext has shown that it is suitable for domains with complex structures, collaborative tasks, and where there is no difference between readers and authors [17] . We have used spatial hypertext as a solution for the requirements stated in section 2.1.
ShyWiki (Spatial Hypertext Wiki) [27, 28] is a wiki which uses spatial hypertext to represent its content. ShyWiki allows its users to define visual and spatial relations among the elements of a page. A ShyWiki wiki page is a spatial hypertext document composed of notes (see Figure 1 ). Each note can contain elements of formatted text, images or other types of media. Properties of notes such as their colors, or positions are used for relating them.
In ShyWiki all notes include the properties: px, py, height, and background and border color. Content-Notes are notes that can display text, images, and hyperlinks. Their content is defined by means of a wiki markup language. There are two kinds of hyperlinks: external that point to web pages outside the wiki, and internal or wiki links which point to other pages in the wiki. ContentNotes can group a collection of notes, therefore they can be composite notes. ShyWiki permits the transclusion of notes, that is to say, the inclusion of notes already defined in other wiki pages by reference and without duplicating them [20] . A TranscludedNote is a note whose content is defined by another note.
ShyWiki provides the basic editing operations on wiki pages. Each time a wiki page is edited, a new version of the page is created. In the editing mode, a user can perform the following actions:
-Create wiki pages. When a wiki link is navigated for the first time, a new wiki page in the ShyWiki web is created. The name of the new wiki page corresponds to the link anchor text. -Create Notes. The user can add new notes to the wiki page. The note types that can be added are ContentNote and TranscludedNotes. -Edit Notes. The content of the notes can be changed at any time, except for transcluded notes. The content of the notes is described using the ShyWiki mark-up language. -Move notes. Notes can be moved freely in the editing area by drag and drop actions. In this way, the user can accommodate the information at her or his convenience. -Group notes. The user can group notes to create aggregations. In this way, a note can be dragged and dropped inside another note, becoming an internal part of the latter. Once notes are grouped, a user can manipulate a set of notes as a single entity. -Transclude notes. Users can transclude a note inside another wiki page by indicating the source document and the note identifier. The position of the transcluded note can be changed, but the remaining properties can only be modified by editing the original note.
Adding a note to ShyWiki only requires creating a note, and dragging it to a place in the wiki page; that is, the content of wiki pages is spatially organized. Notes may be placed in different regions of the page, and can be moved around. There are other two interesting features of ShyWiki: the versioning facility allows users to look at previous versions of the wiki pages, and the search facility which is used to find wiki pages and notes that contain a word or a phrase.
Despite all the above advantages, ShyWiki showed some limitations to support annotations. Using only the visual and spatial properties generates two basic problems. On the one hand, users must have a consistent and clear way to add annotations. On the other hand, it must be easy to identify which parts of a spatial hypertext document are base information, and which ones are annotations. In the case of large documents, including many annotation components, users are not able to identify which information is related to each other. In addition, the purpose of the annotations can be diverse and different users may be interested in different parts. However, a ShyWiki user cannot suppress the implicit structures that represent the annotations.
ShyWiki with Multilayer Superimposed Information
To make ShyWiki compliant with the requirements of section 2.1, we have extended it by incorporating multiple layers of Superimposed Information as defined in [19] . A document is a layered structure composed of an original content (called the base information) that is placed in the base of the layer stack, and the superimposed information layers, where annotations and other types of extra information can be placed. The aggregated layer is the result of adding the base layer and the superimposed information layers, and is at the top of the stack. Figure 1 shows an example of document with superimposed information. The document is the result of aggregating two superimposed information layers to a base information layer. The base information layer is composed of three notes, whereas each of the superimposed information layers has two notes that annotate the base information.
Layered documents can permit controlling which layers to include in or exclude from the aggregated layer, as well as the order they should be added. The superimposed information in each layer can be added to the base information incrementally, and the final look of the aggregated document depends on the order each superimposed information layer is added. We can observe in Figure 1 that the aggregated document would look different if the order of the superimposed information layers were different. Using superimposed information layers adds some new possibilities for displaying the spatial hypertext content and for navigating. Each superimposed information layer is an addressable document, which makes the superimposed information accessible and searchable as other documents in a hypertext system. As a result, it is possible to define hyperlinks between layers of superimposed information in any document. In addition, the search of notes can be performed over some specific layers.
Our extension to ShyWiki considers documents as aggregations of base and superimposed information. It is possible to classify the different kinds of superimposed information notes in sets. The information in every set can be added to the base information incrementally in order to create an aggregated document. In this way, each superimposed information set is a layer of information, and spatial hypertext documents become a kind of view of three dimensional objects which are observed from the top.
ShyWiki's Superimposed Information Features
The management of the superimposed information is performed using the mechanisms that ShyWiki provides for editing wiki pages. In this way, editing superimposed information only requires knowledge of the wiki markup language. Figure 3 shows the ShyWiki model which includes superimposed information layers. The wiki pages of ShyWiki are no longer composed by notes; rather, they are composed by objects called Information Layers, which are in turn composed by notes. As mentioned earlier, a wiki page has one base information layer, and can have many superimposed information layers. Information layers are partial views of wiki pages. An information layer has a name, a description, a priority, and a visibility. The name of the layers is used to select the layers users want to display. The description of the layer is a metadata property that is used to indicate the goal of the information layer. The priority and visibility attributes are used to indicate when the superimposed information layers are displayed.
A base information layer is an information layer that is going to be complemented with superimposed information, and stores the original content of a wiki page. Every wiki page has one base information layer that is created at the page creation time. Moreover, the base information layer is always the first layer to be displayed.
A superimposed information layer is an information layer that is aggregated to a base information layer. The priority attribute permits to add the superimposed information layers in a specific order. The priority attribute is a positive integer, the highest priority is 1. If two layers of superimposed information have the same priority, it means that the order in which they are displayed is not relevant. When creating the aggregated layer, layers with lower priority value are aggregated first.
The superimposed information layers can be associated to the individuals and groups that compose the social network that builds and interacts through the wiki, and that can control the access to their annotations. Figure 3 shows also the relations among users, groups, and superimposed information layers in the ShyWiki model. A group is a specialization of a user, and represents a set of users. A layer name is associated with a set of superimposed information layers.
If a user or a group in which she or he is member is associated with a layer name, then the user is subscribed to a layer name. A user subscribes to a layer name in order to view the superimposed information layers with the same name when she or he navigates through the wiki. For example, a user subscribes to a layer name called Biology First Course, then when he or she visits any wiki page that has a superimposed information layer named Biology First Course, then it is displayed in the aggregated document.
In summary, the rule for visualizing the aggregate information layer is: A layer in a wiki page is displayed if it belongs to the user or user's group subscriptions. If a layer does not belong to any subscription, then the visibility criteria is used. The order of the visible layers is defined by their priority.
If a wiki page in ShyWiki has superimposed layers, then the wiki page allows the possibility of filtering the content by selecting the superimposed layers that the user wants to display. The operations added for visualizing superimposed information are:
-Display layers. Permits to visualize a set of superimposed information layers.
-Display base layer. Permits to visualize only the base layer.
The use of superimposed information layers has also effects in the editing mode. As users can add several superimposed layers to a wiki page, they have to indicate for each one its name and its priority. When a note is added, the user can indicate in which information layer the note must be situated; by default, a note belongs to the base information layer. A note can be moved to a different superimposed layer in the same wiki page when the properties of the note are edited. The superimposed information management operations are: -Add layer. Adds a superimposed information layer to a wiki page. -Remove layer. Removes a superimposed information layer including all its notes. -Add note. Adds a note to a superimposed information layer, by default notes are added to the base level. -Move note. Moves a note to a superimposed information layer.
-Move all. Moves all the notes in a superimposed information layer to another. Navigation in the wiki is also affected by the superimposed information layers. The wiki markup language has been extended to allow the definition of hyperlinks pointing to a specific information layer or to a group of them. Table  1 shows the wiki mark up syntax for hyperlinks to layers. ShyWiki architecture is based on Asynchronous JavaScript and XML (AJAX) services, and in the manipulation of documents content is performed using the Document Object Model interface (DOM) [27] . The superimposed information features have been implemented in the same way. Figure 1 shows a wiki page about the Egyptian pyramids. The evolution of the wiki page content is discussed in the editors layer, which includes the notes: This date maybe wrong, Giza or Ghiza, and we should add more photos. There is layer called classrom which includes the annotations created by a groups of students solving a homework. The classroom annotations are: This is question 1, This is question 6 of homework, and other answers are in ancient Egypt page. In addition, there is a layer called personal, which includes one annotation: A trip wish.
Example
Other users cannot view the personal annotation of the student. The annotations of the classroom layer are shown to all the students that are subscribed to the group. The student is not subscribed to the editor's layer, then the student can see when she arrives to the page the base content and the annotations in the personal and classroom layers. The personal layer is only visible to one student, while the classroom layer is shared and build only by the classroom students. Figure 4 presents the wiki page of the pyramids after filtering all the annotations. 
Evaluation
For understanding if the spatial hypertext layers are found useful by users, we have performed a study that permits to compare the effectiveness and efficiency of users using annotations in a wiki with spatial layered annotations against a wiki with inline annotations.
Evaluation Design
The experiment was performed by 18 subjects (15 males and 3 females), students and staff at a large university. The subjects were split into two groups of 9 persons. One group used ShyWiki with spatial hypertext layers and annotations, and the other group used ShyWiki without spatial hypertext layers, and with inline annotations. The control group interacted with the wiki with inline annotations, and the experimental group interacted with the wiki with layered spatial annotations. The null hypothesis of the study is that the experimental group would perform better than the control group.
Both groups interacted with a wiki page which content was the same: a wiki page with three paragraphs, one image, and three sets of annotations. The annotation sets were the following: editors set that indicated the evolution direction of the content, classroom annotations that indicated interesting parts of the content for people solving a homework, and a set of personal annotations. There were 3 editors, 3 classroom and 1 personal annotations. In the wiki page with inline annotations, it was not possible to hide or filter the annotations, while in the spatial one it can be performed. The inline annotations indicated the set they belonged with a word and a colon symbol before the annotation.
In the first part, users performed three tasks: in the first task they counted the number of annotations, in the second they counted the number of sets of annotations, and in the third they counted how many annotation were in each set. These tasks permitted to measure the effectiveness and efficiency of the users using both interfaces. These tasks were the first part of the questionnaire answered by the users (shown in table 2 Part 1). from the content S7 The annotations are easy to locate S8 It would be useful to be able to hide or show the annotations S9 It is useful to have sets of annotations S10 It would be useful to filter the annotations by set S11 It would be useful to subscribe to annotation sets S12 A wiki page should show the annotations sets you are subscribed
The second part of the questionnaire contained sentences about the experience of the user interaction with the system (see table 2 Part 2). Part2 has three groups of sentences. The first groups is integrated by S4 that is about users' opinion of annotations usefulness. The second group is integrated of S5 to S8 that are question about the annotations in the interface. The third part from S9 to S12 is about the sets of annotations. These sentences were answered using a likert scale from 1 to 5 ( strongly disagree, disagree, neither, agree, and strongly agree).
Results
The results analysis was performed in the following way. For comparing the effectiveness we have used Fisher's exact of a contingency table of 2x2 in order to measure the proportions of failures and success in each group. For example for Q1 the contingency table has two rows: Control( 5 success, 4 failures ) and Experimental( 9 success, 0 failures). We used Fisher's exact test instead of Chisquare due to the small sample size. For comparing the results of the two groups for questions in part 2 and for analyzing the response times, we have used the Mann-Whitney nonparametric test or U-test. Because there is not any assumption about a normal distribution of the data. In addition, the U-test is suitable for the analysis of ordinal data such as likert questionnaires. Table 3 presents the results of part 1 for the control and experimental group. For each question, the table presents the percentage of effectiveness users had to find right answer, and the two tailed p-value of Fisher's exact test. The times to find the answers are also show in table 3. Table 4 presents the results of the questionnaire part 2. For each question and user group, it presents the median obtained, and the two tailed p-value of the exact U-test. 
Discussion
In Q1 (which is total number of annotations?), the experimental group was able to locate all the annotations in a more effective way 100% against 55% in the control group. The two tailed p-value cannot reject the hypothesis that the proportion of effectiveness are different between the control and the experimental. However, we expected before the experiment that the experimental group performed better, then it could be possible to use a one tailed p-value, which is 0.041, which indicates that the experimental group performed better and is not independent of the interface. In the case of Q2 (How many annotation set are?), users in the experimental group were able to locate in a more effective way the sets of related annotations and the notes that belong to those sets, 100% against 44%. The p-value is 0.029, that indicates that users of the layered interface performed better. In the case of Q3(how many annotations are in each set?), the greater effectiveness in the experimental group (88% against 44%) cannot be attributed to the use of the layered interface. However, the effectiveness in Q3 for the experimental group was the double of the control one. The times to find the answers are show in table 3, and were better for the experimental group for the three tasks. In the case of Q1 and Q3, if we interpret the result from the point of view that an improvement was expected, then a one tail p-value can be used again and it is 0.031. Therefore, the improvement in time can be attributed to the use of the layered interface. Q3 had a better time for the experimental than for the control group, however the p-value is far from 0.05.
Users of both interfaces believe that annotations are useful (S4). The control and the experimental group had a median of 4.0 (p-value 0.371). It does not matter the interface, users would like to have annotations.
In relation to the annotations in the interface, users think that inline are slightly less intrusive that spatial annotations (S5), the medians were 2.0 and 3.0 for the and experimental groups respectively (p-value 0.745). A possible, answer is that some of the spatial annotations were over the content. Although inline annotations may interrupt the lecture flow, they do not need to be removed like an annotation that is over the content. Spatial annotations were more distinguishable than inline annotations (S6), the medians were 4.0 for the control and 5.0 for the experimental group (p-value 0.190). The spatial annotations were easier to locate (S7), 4.0 was the median for the control group, and 5.0 for the experimental (p-value 0.060). Inline annotation can be located if users are reading the content, while the spatial ones can be displayed or removed by the users, and may have a special size, colour or position. It would be useful to be able to hide or show the annotations (S8), users of both interfaces had a median of 4.0 and p-value 0.297. In the case of the inline annotations it indicates that users had a requirement, while in the spatial wiki, that actually provide the feature, users found it useful. In addition, this point that users want to see the actual content with and without annotations.
The results about the sentences of sets of annotations indicate that the experimental group had a median of 5.0 for S9 (Is it useful to have sets of annotations?), while users of the control group had a median of 4.0, and the p-value was 0.019, which indicates that the feature provided in the spatial wiki influenced this answer. Users observed the annotations which were the result of the subscriptions of the wiki user used in the test. They were asked, if it is useful to have subscriptions (S10). In both interfaces they had a median of 4.0 (p-value 0.699). As a result, users believe that it is useful in any case. In addition, users think that the annotations of their subscriptions have to be shown in the wiki page (S11), the medians were 4.0 for the two groups and the p-value was 0.347. Users prefer to be aware of the annotations that are in the wiki page, instead of missing an important annotation for the tasks they are performing. As a result, questions S10 and S11 indicate that there is need of having subscriptions and show such annotations. Users of both groups found that it is useful to have sets of annotations (S12), the medians were 4.0 for the control and 5.0 for the experimental group, having a p-value of 0.534. This indicates that the control group users found useful to have the name of the set in the inline annotations, while users in the experimental group found useful to have sets that can be managed (hide/show and filter). However, for the control group this answer is not consistent with the effectiveness of answering successfully Q2.
The result give a positive feedback about the experience of the users with the layered interface. In particular the results of questions Q1 and Q2, and sentences S7 and S9 indicate an improvement in the experimental groups that can be attributed to the layered interface. In addition, the times to perform the tasks were lower in the layered interface.
Related work
There are several spatial hypertext systems that provide interfaces which allow the information triage to their users. VIKI [18] , is one of first spatial hypertext systems, and is focused in the emergent structure of hypertext documents. VKB [25] is a descendant of VIKI, which improved the presentation features of VIKI, and added new ones such as navigable history and global links. WARP [14] is a Web-based dynamic spatial hypertext system that is based on applets and javascript. Its most remarkable feature is an interactive user interface. None of the above mentioned systems offer facilities to manage superimposed information, nor to create it collaboratively. TinderBox [7] is a personal content assistant for visualizing, analyzing, and sharing notes, and it is a standalone application that can generate HTML documents for the Web. However, it has no wiki-like facilities to create spatial hypertext collaboratively.
Open hypermedia systems such as Microcosm [11] and Chimera [4] permit to extend documents with annotations and hyperlinks. Open hypertext could be a solution to add annotations to a wiki page. However, current open hypermedia solutions have some drawbacks. The open hypermedia data needs special servers and browsers that are not yet integrated with web servers and wikis. A group of users could share an open hypermedia solution, but they would not be able to collaborate with other wiki users world wide. Another drawback of the open hypermedia approaches, is that they need to copy the web pages in order to annotate them, that is, they are not integrated with the versioning systems provided by most wikis. As a consequence, if wiki editors are not aware of the existence of these annotations, they will not consider them when changing wiki pages.
Similar problems are present in other works focusing on the annotation of web content. Annotea [15] is an annotation framework based on RDF. Fluid documents [32] is an extension to the open hypermedia framework Arakne for defining annotations in web documents. Other systems allow personal annotation of web documents, such as Web Annotator [22] , which is a web browser plugin. These systems use specialized repositories that store the annotations and the versions of the web pages that were annotated. The version control and annotations are completely independent of the web pages annotated, so they may require additional infrastructures such as annotation servers and browsers.
Classic wikis have been used for tasks where there is a need to support collaborative writing and editing, and argumentation and design rationale management. In software engineering, for instance, they are used for capturing requirements [3, 12] , and for documenting software architectures designs [5, 24] .
Conclusions and Future Work
Wikis are widely used for collaborative writing and editing, and supporting annotation is a requirement of collaborative hypertext systems. However, current wikis lack features to effectively support annotation. In this paper, we have shown how to add support to annotation in wiki systems using spatial hypertext.
The characteristics of spatial hypertext make it suitable to deal with annotations in a very natural way. Essentially, the solution proposed is to use layers of spatial hypertext as elements of the wiki pages. In this way, a wiki page is composed by a set of spatial hypertext documents that are aggregated in order to build the wiki page that is displayed to the user. The use of layers permits to create different views of the information, and create hyperlinks to these views. In addition, users can subscribe to the superimposed information layers whose content is interesting for them. The original spatial hypertext wiki system has been extended to implement the solution described in the paper. Now, it provides the operations and features needed for superimposed information management, which provides support to annotation.
The study performed shows that users are willing to annotate the content, and to know the annotations that are performed by other users, in particular the ones performed by users of the same interest groups. Spatial hypertext layers help users to organize and locate the annotations in a better way than in a wiki without superimposed information support.
In the future work, the relations between layered spatial hypertext interfaces and multidimensional hypertext such as ZigZag and Xanadu [21] structures are going to be explored. Perhaps more sophisticated ways for displaying information can be provided in the spatial layers. In addition, we plan to analyze how the superimposed information layers are used, and improve the current prototype implementation.
Another future work is to support independent and parallel sub-group work. Each sub-group could work on a different layer of the shared document without reflecting on the main discussion. Meanwhile, the discussions conducted by this sub-group could be also registered and, if acceptable, even be incorporated to the main collaborative document. In addition, we plan to experiment whether layers can be used to manage an edition process as if they were based on annotation statuses or not.
